Objective: Increased levels of autoantibodies and inflammation markers occur years before onset of symptoms of rheumatoid arthritis (RA). The present study investigates whether presence of autoimmunity and inflammation in preclinical RA is accompanied by alterations in bone metabolism.
Introduction
he chronic inflammation of the joints in rheumatoid arthritis (RA) may lead to the destruction of cartilage and bone. Thirty percent of patients with newly diagnosed RA already have joint damage that is visible on radiographs after a median symptom duration of only three months [1] . Before the era of modern combination therapies, this figure increased to 75% two years after the onset of the disease [2] . Radiographic damage is associated with a loss of functional capacity in a later stage of the disease [3, 4] . Since joint damage is irreversible but potentially avoidable by modern treatment, it is important to diagnose and treat RA early, preferably before joint damage occurs [5, 6] . The development of radiographic damage in RA can be predicted by measurements of markers and regulators of bone metabolism in blood and urine. Measurements of bone formation in RA patients have produced varying results, whereas measurements of bone resorption in these patients mostly show increased values. The activity of bone formation by the osteoblast can be measured among others by osteocalcin (OC) and by the N-terminal telopeptide of type I procollagen (P1NP). RA patients have significantly lower OC levels in comparison with healthy controls [7] , however, differences in OC levels between RA patients with and without radiographic progression could not be found [7, 8] . Contrarily, elevated P1NP levels were found in RA patients compared with healthy controls [9] . The association between P1NP levels and radiographic progression has not yet been studied in RA. The activity of bone degradation by the osteoclast can be measured by, among others, the C-terminal crosslink of type I collagen (β-CTX), a collagen C-telopeptide breakdown product. RA patients have significantly higher urine and serum β-CTX levels compared with healthy controls [7, 9] . Serum β -CTX is associated with radiographic damage in early arthritis [7, 8] and higher β-CTX concentrations were found in erosive arthritis patients in comparison with non-erosive arthritis patients [8] . In addition, urine β-CTX levels are significantly correlated with future radiographic progression [10] [11] [12] .
The activation of the osteoclast is regulated by the Receptor Activator of Nuclear Factor Kappa B (NFκB) ligand (RANKL) and osteoprotegerin (OPG), in combination with Receptor Activator of NFκB (RANK). RANKL is an osteoclastactivating cytokine that is produced by osteoblasts and activated T-cells, whereas OPG, a soluble receptor produced by a variety of tissues including the cardiovascular system, lung, kidney, intestine, and bone, as well as hematopoietic and immune cells, prevents osteoclast activation. RA patients have higher serum levels of both OPG and RANKL in comparison with matched healthy controls [13] . In the COBRA-study, high RANKL and low OPG levels were associated with an increased risk of radiographic damage in early arthritis patients [14] . In a previous study we found increased levels of rheumatoid factor (IgM-RF) and/or antibodies against cyclic citrullinated peptides (anti-CCP) in one half of blood donors, starting at median 5 years before they developed the first symptoms of RA [15] . We also demonstrated increased levels of acute phase reactants in these patients years before the onset of symptoms, regardless of their autoantibody status [16, 17] . The present study was performed to investigate whether this preclinical subtle increase of inflammation has an influence on markers of bone metabolism. Therefore, we tested whether concentrations of markers of bone metabolism and regulators of osteoclast activity in preclinical RA patients differ from healthy controls at three time points in the preclinical phase of RA. In case of any differences between preclinical RA patients and controls, we investigated whether these markers and/or regulators were associated with radiographic damage after the onset of the symptoms of RA.
Patients and methods

Patients
Since 1984, the Sanquin Blood Bank North West Region in Amsterdam, The Netherlands, has stored 1-ml aliquots of serum from donated blood at -30˚C. From 5000 patients registered with RA at the Jan van Breemen Institute, 79 patients were identified who had donated blood, in general 2-4 times per year, before the onset of RA, as described previously [15] . All blood donations from a particular RA patient in the period 1984-1999 were traced. For each RA sample, 1 control sample was selected, matched for gender, age, and time of blood donation to ensure identical storage conditions. Also, the most recent available radiographs of hand and feet of the 79 RA patients were collected. The study was approved by the local Institutional Review Board.
Procedures
In previous studies we used all patient samples (median 13 samples per patient) and for each patient sample a matched control sample [15] [16] [17] . In the present study, from each later RA patient three serum samples were selected, if available: at 1 year, 2 years and 5 years or longer before the start of the symptoms, respectively, together with the corresponding matched control sample. The percentage of controls positive for IgM-RF and anti-CCP and the median CRP concentrations of the controls in this study were comparable with the findings in the previous studies [15] [16] [17] . The following markers were measured: 1) two markers for bone formation: OC and P1NP, 2) a marker of bone resorption: β-CTX, and 3) two counteracting regulators of osteoclast activity: RANKL and OPG. All markers were measured using commercial assays according to the instructions of the manufacturers. OC (N-mid), P1NP and β-CTX were measured with an Elecsys 2010 (Roche Diagnostics, Mannheim, Germany). Total RANKL and OPG were measured with appropriate ELISA kits from Immundiagnostik, Bensheim, Germany. IgM-RF, anti-CCP, secretory phospholipase A 2 (sPLA2) and C-reactive protein (CRP) were measured in previous studies [15] [16] [17] . All available radiographs were scored according to the Sharp/van der Heijde method [17] by an experienced rheumatologist (DvS), who was blinded for all preclinical test results.
Analysis
In the first analysis, only preclinical RA patients with samples at all three time points were selected with matched controls. At all time points the mean concentrations of OC, P1NP, β-CTX and OPG of the group of preclinical RA patients were compared with those of the group of healthy controls by using independent t-tests. Median RANKL levels were compared between the groups of patients and controls with Mann-Whitney U tests. The first analysis was performed with only the patients who had samples available at all three time points and was not corrected for potential confounding factors, i.e. gender, age, the presence of autoantibodies and levels of markers of inflammation. Therefore, comparable analyses were performed with all patient samples in the period of 0-6 years before the onset of symptoms and in matched control samples. In this second analysis, differences in OC, P1NP, β-CTX, OPG and RANKL over time in preclinical RA patients were compared with controls with random coefficient analysis. This method was used to correct for the different number of samples per patient and the variation in the time of the blood donation [18] . Samples obtained six years or longer before the onset of symptoms were not used because of their small number. All regression models were corrected for age, gender, time of donation, autoantibodies (IgM-RF and anti-CCP) and markers of inflammation (CRP and sPLA2). Because the distribution of RANKL concentrations was skewed to the right, the natural log of RANKL concentrations was used in the analysis. 
Results
Patient characteristics
Seventy-nine patients (62% female; mean age at onset of the symptoms 51 years) who had been blood donor before the onset of RA were identified. A median of 13 serum samples per patient (range 1-51) was available; the median time between the first donation and the onset of the symptoms was 7.5 years (range 0.1-14.5 years). In total, 1078 patient sera and 1071 matched control sera were identified. From each patient 3 samples were selected: at 1 year, 2 years and 5 years or longer before the start of the symptoms, respectively, together with one matched control donor sample. In this study, 192 patient sera and 191 matched control sera were tested. For 32 patients it was not possible to select a sample at all three time points; 18 patients had two samples and 14 patients had one sample available. For one patient sample there was no matched control sample. Radiographs of hands and feet were available for 71 out of 79 patients (90%). The mean time between the start of the symptoms and the radiographs was 7.2 years. Median Sharp/van der Heijde score at that time point was 16 (IQ-range 5-49).
Bone markers and regulators of osteoclast activity
Forty-six out of 79 (58%) preclinical RA patients had samples at all three time points. The mean bone marker levels of preclinical RA patients and matched controls at one, two and five years before the start of the symptoms of RA are shown in table 7.1. OPG was increased in preclinical RA patients compared with controls at all three time points (P<0.001). In preclinical RA patients at one year and two years before the onset of symptoms of RA, P1NP and RANKL levels were increased, but these difference were not statistically significant (for P1NP p=0.12 and p=0.07, and for RANKL p=0.14 and p=0.09, respectively). β-CTX was increased in preclinical RA patients one year before the start of symptoms, but this difference was also not statistically significant (p=0.15).
In the next analysis, all patient samples and matched controls in the time period of 0-6 before the start of the symptoms of RA were used to correct the differences between preclinical RA patients and controls for potential confounding variables in a multivariate regression analysis. The regression models for the bone markers and the regulators of osteoclast activity are shown in table 7.2. After correction for age, gender, time of blood donation, autoantibodies and markers of inflammation, the group of preclinical RA patients had statistitically significantly increased mean levels of P1NP and OPG compared with the control group (an increase of 5.0 ng/ml and 4.1 pmol/l for P1NP and OPG, respectively). Differences in median RANKL and mean β-CTX levels between the patient and control groups in the first univariate analysis (table 7.1) were no longer found after correction for age, gender, autoantibodies and inflammation. 
Association between preclinical serum markers and radiographic progression
If a bone marker or a regulator of osteoclast activity differed between preclinical RA patients and healthy controls in the multivariate analysis, this parameter was associated with future radiographic progression within the group of preclinical RA patients. Based on the previous analysis, P1NP and OPG are potential predictors of radiographic progression in preclinical RA patients, since the mean levels of these two markers were increased in preclinical RA patients. For these two markers, the mean individual AUC per year of the preclinical serum markers was associated with the mean progression per year of the Sharp/van der Heijde score. After correction for age, gender and the presence of preclinical autoantibodies, preclinical levels of P1NP and OPG were negatively associated with radiographic progression after the onset of the symptoms of RA (B=-0,60 (p=0.12) and B=-0,09 (p=0.16) for P1NP and OPG, respectively), but these differences were not statistically significant (Table 7. 3). Not all patients had two or more measurements for each parameter, which is necessary to calculate an individual regression line. Therefore, we used the mean slope of the whole group for these patients to calculate the individual mean AUC per year. This method was compared with two other methods: 1) only using the AUC of the patients who had two or three measurements of the specific parameter, and 2) using a slope of zero (beta = 0). The calculated B's did not differ between the three statistical methods (data not shown) and therefore we used the described method to increase the power of the analysis since more patients could be included.
Discussion
In this group of preclinical RA patients a number of abnormalities were found in serum markers of bone metabolism and osteoclast regulation. OPG was increased compared with controls at one, two and five years before the start of the symptoms of RA. Statistically non-significant findings were increased levels of P1NP and RANKL (at one year and two years before the onset of symptoms) and β-CTX (at one year before the start of symptoms). With multivariate analysis, correcting for age, gender, time of blood donation, autoantibodies and inflammation, preclinical RA patients proved to have increased levels of P1NP
and OPG compared with controls. Preclinical levels of P1NP and OPG were also negatively associated with radiographic progression after the onset of the symptoms of RA, but these differences were not statistically significant. The levels of OC and β-CTX (indicating the activity of bone formation and degradation, respectively) in preclinical RA patients were similar to those found in healthy controls. This is in contrast to studies in RA patients with established and active disease, in which lower serum OC levels and higher urine and serum β-CTX levels were found compared with healthy controls [7, 9, 10, 19] . P1NP levels were increased in preclinical RA, which is in line with results in RA patients [9] . This suggests that significant differences in concentrations of markers of bone formation can be detected above a certain level of "disease activity" in the presymptomatic phase of RA. Also, elevated levels of OPG were found, which indicates an altered, probably increased, osteoclast activity in the preclinical phase.
We found a trend for a negative association between preclinical levels of P1NP and OPG and radiographic joint damage after the onset of the symptoms of RA. This suggests that a low level of bone formation as well as a low level of inhibition of osteoclast activation in the preclinical phase of RA is associated with more radiographic damage after the start of the symptoms of RA. In theory, it might be expected that preclinical inflammation would lead to increased preclinical bone degradation as a forerunner of radiographic damage in the clinical phase, indicating that bone resorption is upregulated by inflammatory processes. Instead of increased bone degradation, however, we found increased OPG. One possible explanation of the observed phenomena could be that the elevation of OPG is an -albeit failing -compensation mechanism for a slight and not measurable increase in bone degradation. In the clinical phase of early RA, one study found that high RANKL and low OPG levels are associated with an increased risk of radiographic damage, which is not in line with the results of the present study [14] . The possibility of bone damage occurring in the preclinical phase of RA is supported by the recent demonstration of erosive infiltration of joint margins in the asymptomatic phase of collagen induced arthritis, an animal model of RA [20] . The present study has some limitations. Differences in the mean levels of markers and/or regulators of osteoclast activity between patients and controls could be influenced by the menopausal state or the use of bone active agents, although we expect that the number of patients using bone active agents was probably low, since osteoporosis is often undertreated, particularly during the time of the study (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) . It was not possible to correct for these potential confounding factors, because the controls were anonymous donors and only gender, age and the time of blood donation are known. Additional information on the preclinical RA patients was collected by chart review and also in this group, menopausal state or the use of bone active agents could not be measured reliably. Since the controls were matched for age and gender, it is not expected that this has influenced the difference between patients and controls, although it could have influenced the absolute test values in both groups. Also, it was not possible to use fasting samples for this study since the blood bank recommends donors to eat before they donate blood. It is unknown whether this has influenced the results. Furthermore, data from only 71 patients could be used to study the association between preclinical levels of serum bone markers and regulators of osteoclast activity and radiographic progression after the start of the symptoms of RA. This could be the reason for the non-significant associations between the preclinical bone markers and radiographic progression in this study. Finally, it must be noted that the findings of this study can be used only in a population of patients and are not suitable for decision-making in individual patient care.
In conclusion, the present study of the asymptomatic phase of RA adds evidence of an alteration of bone metabolism parallel to the increased inflammation and autoimmunity described earlier in this situation. In at least a part of the patients, the process of joint destruction is already underway when they experience the first symptoms of the disease.
